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Abstract 
Computer modelling has been used extensively in some processes in the 
sugar industry to achieve significant gains.  This paper reviews the 
investigations carried out over approximately the last twenty five years, 
including the successes but also areas where problems and delays have 
been encountered.  In that time the capability of both hardware and 
software have increased dramatically. 
For some processes such as cane cleaning, cane billet preparation, and 
sugar drying, the application of computer modelling towards improved 
equipment design and operation has been quite limited.  A particular 
problem has been the large number of particles and particle interactions in 
these applications, which, if modelled individually, is computationally 
very intensive.  Despite the problems, some attempts have already been 
made and knowledge gained on tackling these issues.  Even if the detailed 
modelling is wanting, a model can provide some useful insights into the 
processes. 
Some options to attack these more intensive problems include the use of 
commercial software packages, which are usually very robust and allow 
the addition of user-supplied subroutines to adapt the software to 
particular problems.  Suppliers of such software usually charge a fee per 
CPU licence, which is often problematic for large problems that require 
the use of many CPUs.  Another option to consider is using open source 
software that has been developed with the capability to access large 
parallel resources.  Such software has the added advantage of access to the 
full internal coding.  This paper identifies and discusses the detail of 
software options with the potential capability to achieve improvements in 
the sugar industry. 
 
Introduction 
Computer modelling has been used extensively in some processes in the sugar 
industry to achieve significant gains, for example, in cane transport scheduling, 
clarifiers and boilers. Significant inroads have been made in cane cleaning and in 
evaporators, pans and cooling crystallisers, although much potential remains 
  
unexplored.  Some progress has been achieved in milling.  However, there are many 
other sugar industry processes in which there is believed to be room for improvement, 
and in which the application of high end computer modelling has been quite limited in 
comparison.  Specifically, detailed modelling capability in shredders and sugar dryers 
is judged to be quite limited at this stage.  This paper reviews some of the modelling 
work and suggests some avenues for future improvement, starting with areas in which 
modelling is very prevalent and ending in those areas where relatively little modelling 
has been carried out. 
Cane transport scheduling   
Cane transport scheduling at the Sugar Research Institute goes back to the mid 
1960s.  Shepherd and James (1972) described the painstaking work required at the 
time for computer assisted scheduling and the development of the first schedule 
simulator, CASCHD.  In the 1980s, a replacement schedule simulator, ACTSS, was 
released (McWhinney and Penridge, 1991), providing a graphical display of a 
schedule.  The first automatic scheduler, ACRSS, was introduced in the early 1980s 
(Abel et al., 1981).  Pinkney and Everitt (1997) described the integration of the 
schedule generating program ACRSS, the schedule simulation program ACTSS, and 
the Traffic Officer Tools package to manage daily operations.  Further developments 
are continuing, for example, dynamic scheduling systems to handle system 
disruptions and provide real time scheduling (Pinkney, 2012), and scheduling a cane 
transport system involving both rail transport and road transport (Kent, 2013). 
Clarifiers and boilers  
Significant benefits have been achieved in the clarifier and boiler areas through 
the use of Computational Fluid Dynamics (CFD), where the physical geometry is 
broken into many small blocks and the Navier Stokes equations solved to predict 
velocity and pressure profiles.  Benefits reported include a 60% reduction in the 
residence time of juice without any loss in clarification performance (Steindl et al., 
1998), increases in convection bank tube life due to wear (Plaza et al.,1999) and 
airheater tube life due to corrosion (Dixon et al., 2000).  Application of CFD 
modelling in these areas continues in the background and has been extended to boiler 
equipment such as wet scrubbers. 
Cane cleaning  
Modelling of pneumatic cane cleaning for harvester and factory cleaning has 
been ongoing for many years.  Joyce and Edwards (1994) referred to billet losses of 
5% in the cane harvester cleaning system and extraneous matter inclusions of 5%, and 
commented that ‘this is an undesirable conclusion of the 30 years of development of 
cane harvesters and their cane cleaning systems’.  They developed an in-house 
trajectory model using the differences in terminal velocity between, for example, 
billets and leaves, without modelling particle interaction, to look at the design of 
harvester cleaning chambers.  The model was extended (Hobson, 1995) and compared 
against experimental measurements (Hobson, 1996).  Schembri and Hobson (2000) 
continued the comparison of predictions against measurements and noted that ‘there 
was more leaf in the cane supply than the level for which the model was developed’.  
The work culminated in the installation at Condong Mill of a prototype pneumatic 
trash separation plant (Schembri et al., 2002).  During commissioning, the three 
  
dimensional CFD program FURNACE (Boyd and Kent, 1986) assisted in rectifying 
some aerodynamic instability problems, which had not been predicted by the in-house 
cane cleaning models.  However, FURNACE could not predict the interaction of the 
cane particles or the effect of the particles on the air stream.  
Since that time, there have been significant advances in the wider engineering 
community in modelling the interaction of fluids (such as air) and particles (such as 
billets and leaves) using coupling of CFD and Discrete Element Modelling (DEM) 
methods.  DEM models the impact and friction forces between individual particles.  
The effect of the presence of particles on the air flow and vice-versa can be simulated 
by coupling the two sets of software.  Also, the interaction with boundaries can be 
modelled more accurately.  In late 2009, the DEM software EDEM (Anon., 2009a) 
was identified as having significantly improved capabilities for modelling sugar mill 
processes.  It was being applied in the coal industry to increase the flow rate and 
reduce the wear at conveyor transfer points.  Sugar Research Limited (SRL) and 
Queensland University of Technology (QUT) have had a preliminary look at using the 
CFD code FLUENT (Anon., 2009b) and the DEM code EDEM, both commercial 
software packages, to model the behaviour of billets and leaves interacting with each 
other, with an air stream and with physical boundaries.  In particular, the potential of 
the software to model flexible particles, such as a leaf wrapping over a billet, was 
flagged.  Figure 1 shows the representation of a leaf and a billet using spheres, and a 
simulation underway in real time.  
 
Figure 1.  Modelling cane cleaning behaviour using CFD and DEM models 
together. 
The results were promising, with predictions showing some leaves caught by the 
billets, while others worked past the billets and were carried away by the air flow.  
However, the large number of particles, and the need to represent wide, thin elements 
such as leaves with a large number of spheres (the leaf shown in Figure 1 is modelled 
as 4 mm thick, when in reality a leaf is 0.2 mm thick), lead to a very large 
computational load.  Even with the availability of hundreds of central processing units 
(CPUs) in high performance computer systems such as at QUT, the software must be 
coded to take advantage of the large number of CPUs, plus the modelling can be 
costly as commercial software licenses are usually charged per CPU used.  
Development that allows the representation of irregular and planar shaped particles 
without the need for using sphere is continuing.  For example, the DEM software 
  
package ROCKY (Anon., 2012a), which has only been commercially available for a 
few years, has the capability of modelling large aspect ratio or irregularly shaped 
particles without the use of spheres, although not to the extent required for the 
geometry of a cane leaf.  This capability significantly reduces the required computing 
load. 
Evaporators, vacuum pans and cooling crystallisers 
Some improvements for juice processing have been achieved without the use of 
high powered computer modelling.  For example, modifications and subsequent 
results are presented for a Roberts design evaporator by Wright et al. (2003).  
However, as Wright et al. (2003) commented ‘research based on computational fluid 
dynamics modelling (Steindl, 2003) has shown that substantial improvements to the 
juice flow pattern could be made’. 
There has been an enormous effort in measuring the boiling behaviour in the 
juice side of evaporators and vacuum pans and in developing the modelling capability 
of that behaviour.  For example, for vacuum pans: Wright (1966), Austmeyer and 
Schliephake (1983), Rouillard (1985), Atkinson et al. (2000), Stephens (2001), 
Stephens and Harris (2002), Rackemann et al. (2006a, b), and for evaporators: 
Watson (1987), Ingram et al. (1998), Steindl (2003), Pennisi et al. (2004), Broadfoot 
and Tan (2005), and Broadfoot and Dunn (2007).  This list of investigations is far 
from complete. 
The more recent modelling of vacuum pans by Rackemann et al. (2006a) 
provided predictions of the effect of design features on the volumetric flow rate 
through the calandria.  Only a small part of the actual geometry was modelled using 
symmetry, for example, a five degree wedge of the three dimensional representation 
for a batch vacuum pan, in order to reduce computational load.   
Rackemann et al. (2006b) carried out steam side modelling of vacuum pans and 
evaporators, typically modelling a quarter of the geometry.  The calandria was 
modelled as a porous region, with individual tubes not modelled.  Despite limitations 
in the condensation physics of the CFD model, and poor agreement with some 
pressure measurements, the modelling identified some deficiencies in the flow of 
steam within the calandria and was able to recommend modifications to the design.  
Some of the recommendations have been adopted for new designs, however any 
resulting benefits have not been quantified because rigorous measurements of 
performance such as comparing two similar vessels with and without the 
modifications have not been carried out. 
Typically the heat transfer in evaporators occurring between the condensing 
steam and the juice within the calandria tubes is limited by the heat transfer on the 
juice side and not the steam side. This limiting behaviour is due to the lower heat 
transfer coefficient on the juice side of the tube wall compared to the steam side 
(condensing saturated steam).  However, a coupled 3D simulation between the juice 
and steam sides could be useful, for example, to predict the best location for juice 
downtakes.  The modelling of incondensable gases and their best way of removal is a 
future objective.  Investigations in the evaporator and vacuum pan area are active and 
continuing. 
  
The flow and mixing of massecuite in a stirred, vertical crystalliser was studied 
and modelled by Harris et al. (1995) and Sima and Harris (1997, 1999).  Using CFD 
they identified problems such as considerable short-circuiting, and through the 
installation of baffles achieved success in narrowing the residence time distribution of 
the vessel.  As noted by McBain et al. (2002) this was achieved even though the 
modelling required numerous simplifying assumptions in order to apply CFD to such 
a large and complex vessel.  McBain et al. (2002) presented experimental and CFD 
modelling that improved the understanding of some of the mechanisms occurring in 
the crystalliser, and the causes of the discrepancies between factory measurements 
and CFD predictions. 
There are fairly recent developments that may be applicable to sugar industry 
processes.  For example, one feature of the software STAR-CCM+ (Anon., 2013a) of 
interest for predicting the growth of crystals in vacuum pans and crystallisers is the 
capability to simulate the growth of a coating thickness on particles. For example, 
Goodwin and Debus (2013) provide examples of modelling the coating of 
pharmaceutical tablets in both a rotating drum and a fluidised bed.  The transfer 
mechanisms and driving forces are probably quite different but the modelling 
capability of material transfer from a bulk liquid to individual particles through 
detailed interaction is likely to be of use in the future.  Population balance models 
based on the method of moments have been successfully coupled with CFD to allow 
simulation of nucleation, molecular growth, agglomeration and breakage in 
crystallisation processes in the minerals industry (Hutton et al., 2011).  Application of 
these techniques to vacuum pans and crystallisers has yet to be performed. 
Milling 
The detailed modelling of the crushing process of sugar cane in a milling unit 
has the potential to deliver industry benefits.  Possible improvements to the process 
are reduced bagasse moisture, increased sucrose extraction, lower energy use, and 
reduced capital and operating costs.  The modelling uses Finite Element Modelling 
(FEM), which works out the relationship between stresses and strains, and can also 
determine the juice flow through the fibrous material (permeability behaviour).  Zhao 
(1993) applied and modified an in-house software code.  Subsequent work, for 
example, Adam (1997), Downing et al. (1999), and Kent (2003), used the commercial 
software package ABAQUS (Anon., 2012b). 
As noted by Leitch (1996), the ABAQUS software has a number of critical state 
models (Wood, 1990) developed for modelling soil behaviour.  They were judged at 
the time to have the best chance of modelling the elastic and plastic behaviour of 
bagasse, the large deformations involved (with decreases in volume by a factor of 
seven), and compression pressures ranging from a few kilopascals at the feed 
(Donnelly) chute to as much as 20 000 kPa at the delivery nip.  However, those 
critical state models had been specially built for soil, and reservations were held about 
their capability to model bagasse behaviour in a milling unit (Schembri et al., 1998).  
Plaza (2002) showed experimentally that the mechanical behaviour of prepared cane 
and bagasse is critical state behaviour similar to that of soils.  However, it was also 
shown that there were significant limitations in the existing models when applied to 
the modelling of the behaviour of prepared cane and bagasse.  For example, 
improvements were required to predict the important shear stresses (the sum of the 
shear stresses at the surface of the roll being the torque required to drive the roll).  
  
Despite these limitations, Kent (2004) was able to use an ABAQUS FEM 
computational model to develop a better empirical equation to predict mill feeding 
(and therefore mill speed), with the potential to better set milling units to meet 
crushing rate and performance targets.  The empirical equation was judged to require 
experimental validation before being widely used.  This is yet to happen. 
The development of a material model specifically for bagasse is continuing with 
limited resources (Plaza, 2013).  The economic drivers for improving the milling 
process are as strong and may even be stronger now than when the initial modelling 
began in the 1990s due, for example, to the potential cogeneration revenue. 
 
Cane billet preparation  
Shredder design improvements have been ongoing (Cullen and McGinn, 1974; 
Clarke, 1985; Cullen, 1986; Letizia and McDougall, 1988; Santarossa and Anderson, 
2013) including FEM to develop alternative shredder hammer tip designs (Loughran 
et al., 2005).  The energy use in shredders has been studied in detail (Schembri and 
Harris, 1996; Schembri, 1998; Schembri and Harris, 1998).  Schembri (2004) 
modelled the situation of smashing a single billet by using DEM to reproduce the 
measured breakage mechanism during impact. At that time, the DEM method was 
nowhere near as well developed as CFD for addressing industrial problems.  
Simulating the processing of cane billets and extraneous matter into prepared 
cane in a shredder involves modelling the flow, interaction, and reduction in size of a 
large number of discrete particles.  The cane particles interact with other cane 
particles, fast moving metal surfaces, stationary metal boundaries, and with air.  There 
is little information available on attempts to model this problem as a whole.  It is 
likely that a model that can simulate all the processes taking place can provide 
insights to provide more efficient preparation, better feeding, and reduce wear and 
windage.  SRL and QUT have had a preliminary look at using the software CFD 
package FLUENT and the DEM package EDEM in combination and they do have the 
basic capability to model all the above, including the breakage of the billets into small 
fibres and the build up of the fibres in the gaps of the gridbar.  Figure 2 shows the 
modelling of a partial collision of a shredder hammer with a single billet of cane and 
subsequent disintegration of the billet.  However, the computational load is even 
higher than the cane cleaning problem due to the larger number of particles. 
 
Figure 2.  Modelling of a partial collision of a shredder hammer with a single 
billet of cane. 
  
 
Sugar drying 
Sugar dryer design and operation is described, for example, by Hodgson and 
Keast (1984), Baird and Beatts (1989), Steindl et al. (1994), Schinkel and Tait (1994), 
Shardlow et al. (1996), and Lee et al. (2004).  Most of these papers present computer 
models for performance prediction, with a wealth of sugar properties and sugar mill 
experimental data provided.  Experiments to determine the detailed mechanisms in 
sugar drying have been carried out, for example, by Xie and White (1997), who 
looked at the drying of molasses films.  Schinkel and Tait (1994) and Hodgson and 
Keast (1984) make reference to the importance of the shape of the flights.  Hodgson 
and Keast (1984) stated that ‘conventional flight shapes have flat sides.  Only with 
flights of a curved shape is it physically possible to produce a uniform distribution 
within a cylindrical drum’.  This change in design may well be worth pursuing. 
The continuing development of computer models intimates that there is still 
room for improvement in the prediction of the performance of sugar dryers.  The 
sugar dryer problem is well suited to a combination of CFD simulation (the air flow) 
and DEM (a distribution of sugar crystals).   
In processes such as sugar drying, cane cleaning, and shredding, which require 
large computer resources, one option is to use open source software.  For example 
CFDEM (Goniva et al., 2010) is an interface where the CFD code OpenFOAM 
(Anon., 2013b) and the DEM code LIGGGHTS (Anon., 2013c) can work together to 
simulate fluid and particle behaviour.  LIGGGHTS has been developed from the code 
LAMMPS.  LAMMPS has been provided freely by the Sandia National Laboratories 
in the United States since the mid 1990s.  An example of CFDEM modelling a rotary 
dryer (not a sugar dryer) is shown in Figure 3.  These codes have been designed to be 
capable of massively parallel simulations (a large number of CPUs used 
simultaneously to solve one problem).  
 
Figure 3.  Modelling of a rotary dryer (~1 million particles) using open source 
software (Kloss et al., 2011). 
 
  
Conclusions 
Computer modelling in particular processes has delivered some significant gains 
to the Australian sugar industry.  It is likely that investment in extending modelling 
capability into other less advanced areas, if carried out, will be of economic benefit to 
the industry.  Some options for furthering the modelling have been suggested. 
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